Genetic diversity provides the foundation for crop improvement. Genetic variation and associations among Cotton Leaf Curl Disease (CLCuD), fiber and yield related traits were investigated in exotic lines of Gossypium arboreum L.
Introduction
Cotton is known as white gold and is the principal source of foreign exchange earnings in many countries. It contributes to the oil and seed sector as well as fiber industries [1] . Pakistan's economy totally relies upon cotton production directly or indirectly [1] [2] . Among the four cultivated species of cotton, Gossypium arboreum also called "true cotton", is a specie native to the Indian subcontinent and presently used in introgressive breeding as a donor species for improving resistance to insect pests and disease especially CLCuD in upland cotton [3] [4] . Since about 6000 BC, this crop has been present in Pakistan in a domesticated form and most of the biodiversity of this species occurs in this country [5] . G. arboreum is still grown on a small number of acres in Pakistan by small landholding farmers.
For sustainability and genetic improvement of a crop, genetic diversity can be defined as, "the amount of genetic variability among individuals of a population". As information about genetic diversity among G. arboreum L. is scanty [6] , it is an area of interest. G. arboreum L. has many favorable traits like drought tolerance, resistance to insect pests etc., which are not found in the G. hirsutum L. [5] . The understanding of genetic variation within and between the populations of G. arboreum L. is not only valuable to create a theoretical base for conserving the Asiatic cotton germplasm resources, but also to identify and improve desirable and ideal traits such as fiber quality and unique plant features that can be exploited for modern cotton production [7] .
Pakistan is the fourth largest producer of cotton that has good fiber quality.
However, due to some limiting factors including both biotic and abiotic stresses, its production has remained stagnant for the last two decades [8] . Among these, Cotton leaf curl disease (CLCuD) is one of the major limiting factors causing huge yield losses [9] . Many efforts have been made by the breeders to overcome this problem by developing resistance/tolerant varieties using different conventional breeding approaches, but these varieties become susceptible after two to three years due to mutations occurring in the viral strains causing CLCuD.
Therefore, sufficient genetic variability, proper exploitation of the existing varieties through hybridization, polyploidy creation and introduction of new exotic germplasm are very important [10] .
The extent of genetic variation can be estimated using various biometrical techniques like principal component analysis [10] [11], cluster analysis [12] or Principal coordinate analysis [13] . Among these biometrical procedures, the main requirement of principal component analysis (PCA) is that each genotype can be assigned to only one group and it also reflects the significance of largest contributor to the total variability at each axis of differentiation [14] .
The present research, to estimate the genetic diversity among the exotic lines of G. arboreum L. imported from the USA using correlation, principal component analysis was thus conducted to identify suitable genotypes for resistance/tolerance against CLCuD as well as good morphological, yield, and fiber related traits. Moreover, to find out the relationship among these traits and identify superior genotypes for use in future breeding programs. ) were included. For lint %age, each dry and clean seed cotton sample was weighed and ginned separately with a 10 saw ginning machine and lint %age was calculated from the lint obtained from these samples. The incidence of CLCuD as a percentage was calculated using the formula as suggested by [9] [15] (Table 1) .
Material and Methods

Breeding Materials
CLCuD incidence (%) = Sum of all disease ratings/total number of plants × 25.
Statistical Analysis
The data recorded were averaged and analysed for simple statistics i.e. mean, variance, range, frequency distribution, coefficient of variance and standard deviation using computer software (MS-Excel 2007). Correlation and principal component analysis (PCA) was performed on the recorded data for quantitative traits [16] . Before the correlation and principal component analysis (PCA), the mean of each parameter was standardized so as to avoid scaling difference effects. For all the pairs of accessions, Euclidean distance coefficients were calculated. The Euclidean dissimilarity coefficient matrices were utilized to estimate the association among the germplasm through (NTSYS pc v 2.1).
Results
Basic descriptive statistics (mean, variance, range and standard deviation) of all the genotypes for morphological, yield and fiber traits were studied ( 
Correlation Studies
Phenotypic correlation analysis showed significant association among the 12 
Principle Component Analysis
Based on twelve morpho-yield and fiber traits along with CLCuD rating, 119 genotypes were evaluated for principal component analysis. Among the 11 principal components (PCs), only four components were found having an eigen value greater than 1 which showed overall variability of about 65.88% among the studied G. arboreum L. genotypes for the total phenotypic variation ( Table 4 ).
The remaining 34.12% of the variation was shown by the other seven components evaluated for yield and fiber traits as well as for CLCuD rating. Maximum variability of 26.08% was shown by PC1 followed by PC2 (16.41%), PC3 (14.57%) and PC4 (8.83%) respectively (Table 4 ). The scatter diagram of the principal component analysis (PCA) as shown in Figure 1 for these exotic G. arboreum L. lines, shows a considerable level of genetic diversity among these (Table 4 ).
Discussion
For any successful breeding program, selection of better genotypes having desirable traits and significant positive associations among these traits is of utmost importance [17] . The highly significant positive correlations of seed cotton yield with boll weight and number of bolls plant −1 in the present study depicted the direct impact of boll weight and number of bolls plant −1 on seed cotton yield in cotton genotypes. These results are in agreement with the previous findings [17] [18] who also reported positive associations among yield and yield components in exotic lines of G. hirsutum genotypes. Remarkably a positive relationship of lint %age with micronaire value and a significant but negative association with staple length in this study are also in agreement with the previous findings of [8] .
They also described a positive relationship between lint %age and micronaire value and a significant but negative association of lint %age with staple length in the imported U.S. upland cotton germplasm.
No associations with CLCuD were observed for any of the studied traits, as all the G. arboreum lines evaluated were scored resistant to CLCuD. As a species, G. arboreum L. is highly resistant to CLCuD. This could be due to the presence of a lower palisade layer, densely arranged midrib cortex cells and a relatively higher distance between the lower epidermis of the midrib and phloem [7] . These re-sults are in contrast to the previous findings of [8] who reported a significant negative association in seed cotton yield with CLCuD, but this is likely due to the difference in the species studied. In present studies G. arboreum L. were used instead of G. hirsutum L. lines which were used in the research of [8] . As a species, G. hirsutum L. is highly susceptible to CLCuD.
Principal component analysis (PCA) is an important tool for the partitioning of the total variability into its components and for the preservation and utilization of the genetic resources as well [8] . The partitioning of cotton genotypes into different principal components (PCs) in this study was due to the morphological differences and not due to the geographical origin sites of these genotypes. In the present study, four principal components (PCs) out of 11 PCs showed a significant amount of variability 65.88% and genetic diversity within and between the exotic lines of G. arboreum L. Similar results were also found from the previous work of [8] who studied four PCs out 12 in 79 exotic accessions of G. hirsutum L. They reported 65.4% variability among the genotypes screening against CLCuD, yield and fiber attributed traits. It is commonly accepted that maximum heterotic effects occur through maximum variability [19] .
Maximum contributions for these traits were found among the genotypes GS-4, GS-9, GS-8, GS-55 and GS-50. The presence of a sufficient amount of variability in these cotton genotypes offers an enormous capacity for selection and utilization to improve G. arboreum in future breeding programs [20] [21] . Moreover, these lines would be the best candidates to use in an inter-specific hybridization program designed to improve tolerance to CLCuD and drought in G. hirsutum.
Conclusion
The 
